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22.1
4 Runge-Kutta-Gil]
Navier-Stokes $\nu$ 2 $\cross$ 10-3
5123 $(x, y, z)$ $4\pi$
$(z$ $)$ $x-y$





(1)$(U_{r}, U_{\theta}, U_{z})=(0,$ $\frac{\Gamma_{0}}{2\pi r}\{1-\exp(-\frac{r^{2}}{r_{0}^{2}})\},$ $\frac{\Gamma_{0}}{2\pi r_{0}q}\exp\{-\frac{r^{2}}{r_{0}^{2}}\})$
$r_{0}(=0.5)$ $r_{0\text{ }}q$
q-vortex $\Gamma_{0}/\nu$ 20, 000
$r_{0}$ $T$ $2\pi r_{0}/(\Gamma/2\pi r_{0})$
Mayer and Powell[10]$(MP$ $)$ $m=1$ $q-k_{z}$
$q=-O.45$
(1) $q=-1.5$ (2)$q=$ -0.45:
2 (2-Point Energy Spectum Tensor,
$2PEST$ $)$ [11] $\Phi_{ij}(r, r, t;k_{z}, m)$ :
$\langle\langle u_{2}(r_{1}, \theta_{1}, z_{1}, t)u_{j}(r_{2}, \theta_{2}, z_{2}, t)\rangle\rangle=\sum_{m=-\infty}^{\infty}\int_{-\infty}^{\infty}dk_{z}\Phi_{ij}(r_{1}, r_{2}, t;k_{z}, m)e^{ik_{z}(z_{1}-z_{2})+im(\theta_{1}-\theta_{2})}$ , (2)
$k_{z},m$ $(r)$ $(\theta)$

















$t\simeq 3$ “ ”
$z$ $u_{z}$ $z$ $\omega_{z}$
$u_{z}$ $\omega_{z}$
$\theta$ $z$ $\{u_{z}\}(r)$ $\{\omega_{z}\rangle(r)$ $r$ 3
$r/r_{0}=1$
$|\langle u_{z}\}(r)|$ $|\{\omega_{z}\rangle(r)|$ $(r/r_{0}>1)$ $|\langle\omega_{z}\rangle(r)|$
$|\{u_{z}\rangle(r)|$ $u_{z}$ $\omega_{z}$
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$r_{0}^{\omega}$ $\langle u_{z}\rangle(r)$ $r$ $r_{0}^{u}$ 4
$\langle\omega_{z}\rangle(r)$ $\Gamma/(2\pi r_{0}^{\omega}(t))\exp\{-r^{2}/r_{0^{1}}^{\alpha}(t)^{2}\}$ $\langle u_{z}\rangle(r)$
$\Gamma/(2\pi r_{0}^{u}(t)q)\exp\{-r^{2}/r_{0}^{u}(t)^{2}\}$ q-vortex (1)
$t/T<3$ $t/T>3$
$r^{u}$ LOV $r^{\omega}$









$\theta$ LOV LOV $z$
LOV $r\cdot\theta$
51
6: $2PEST(m=0)$ ( )l $\Phi$zz(r)l, ( ) $|\Phi$77(r) $|$ , ( ) LOV






$m=0$ $2PEST$ $|\Phi_{zz}|$ $|\Phi_{ff}|$ 6 $\Phi_{zz}$
$k_{z}=0$ $k_{z}$
$m=0$ $|\Phi_{zz}|$ 6 $(r/r_{0}<1)$
$r/r_{0}\simeq 1$ $(r/r_{0}\simeq 2)$
LOV $|\Phi_{zz}|$ (LOV $15(a)$) $Bl\propto king$ (
) $|\Phi_{ff}|$ 6 LOV
(LOV $15(b)$)
LOV Blocki-ng $\max_{r>ro}|\Phi_{zz}(r)|$
$\max_{r<r_{O}}|\Phi_{ff}(r)|$ 6 Bl$\propto ki$ng q-vortex LOV
LOV
$t/T<5\sim$ q-vortex $t/T\simeq 5$
LOV
$m=1$ $2PEST$ $\Phi_{zz\text{ }}\Phi_{ff}$
$\Phi$zz( 7 ) $r/r_{0}\simeq 1$
$\Phi$77( 7 )




(Antkowiak and Brancher[12] 2) Antkowiak and Brancher
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$G(k_{z}, m;t)$ $\equiv$ $E_{V}(k_{z}, m;t)/E_{V}(k_{z}, m;0)$ , (3)
$E_{(}k_{z},m;t)$ $\equiv$ $\int_{V}|\overline{u}(r, k_{z}, m;t)|^{2}rdr$ , (4)
$m=1$ $G(k_{z}, m)$ 8
$k_{z}r_{0}=3.0$
1


















$z$ $u_{z}$ $u_{z}^{-}(r, k_{z}, m;t)$ 12
$t/T\simeq 2$ $|\tilde{u}_{z}(r, k_{z}, m;t)|$ $r/r_{0}\simeq O.5$
$t/T\simeq 2$
t/T $\simeq$ 2( 2)
$E_{(}k_{z},$ $m;t) \equiv\max_{f}|\tilde{u}(r, k_{z}, m;t)|^{2}$













$k_{z}r_{0}\simeq(2/5)m$ t/T $\simeq$ 2.09( 3)
$k_{z}r_{0}\simeq(2/5)m$
14 $\gamma(r)\equiv r\langle u_{\theta}\}(r)$
$t/T\simeq 2.09$ $t/T\simeq 2.92$
$(|\gamma(r’, t)|>|\gamma(r, t)|$ $r’<r)$
$\gamma(r)$ Navier-Stokes
$\frac{\partial r\{u_{\theta}\}(r)}{\partial t}=-\frac{\partial\langle ru_{r}u_{\theta}\}}{\partial r}+$ viscous term (5)
$\{ru_{f}u_{\theta}\rangle(r)$ 14
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